In the middle of the 20th century, tropical regions replaced the temperate zone as the region of the earth experiencing the greatest rate of forest conversion to new agricultural lands (Houghton 1994 ). The Amazon contains 5 x 106 km2 of closed canopy moist forest (Skole and Tucker 1993) and 107 km of river and stream channels (Junk and Furch 1985) . Deforestation in the Brazilian portion of the Amazon from 1978 through the late 1998 ranged from 11 000 to 29 000 km2/yr (Instituto Nacional de Pesquisas Espaciais 1999), with cattle pasture comprising the largest single use of deforested lands (Fearnside 1987 , Serrao 1992 ). Alterations to biogeochemical cycles in Amazonian watersheds as a result of this activity may have greater effects on freshwaters compared with temperate systems because of the high mobility of N following disturbance and the greater frequency of N limitation in the tropics (Downing et al. 1999) . Despite the very large area over which forest clearing is now taking place in the Amazon, we know relatively little about the consequences of this change for biogeochemistry of the small streams that make up the majority of the total length of stream channels in the world's largest , .
rlver rasln.
In this study, we compare the concentrations of dissolved inorganic and organic forms of N and P in two pairs of second-order streams that drain either forest or pasture. We examine how stream particulate and solute concentrations are related to changes in soil biogeochemistry and soil solution that follow deforestation for pasture. With a series of algal bioassay experiments, we also discuss our tests of how changes in the relative abundance of N and P in stream water control production of stream periphyton.
METHODS AND SITE DESCRIPTION

Stady area
We studied two pairs of small watersheds ( 10 km2) at Fazenda Nova Vida, a large cattle ranch 50 km from the city of Ariquemes (10°30' S, 62°30' W) in central Rondonia (Plate 1). Terrain was gently rolling, with low-gradient, second-order, clear-water streams draining the basins. These streams generally remained flowing through all but the severest dry periods. One drainage basin in each pair was cleared for pasture in 1989; the other basin in each pair remained predominantly forested. These basins lie at 200-500 m elevation in a region generally underlain by Precambrian granitic rock (Projeto RADAMBRASIL 1978 (Moraes et al. 1996) . Conversion of forest to pasture in these watersheds lowers soil NOconcentrations and rates of soil net N mineralization and net nitrification and this occurs across Rondonia on a variety of soil types (Neill et al. 1997) . At Nova Vida, soil NO3-concentrations and net mineralization and nitrification rates decline with increasing pasture age . Clearing increases soil available P (resin and bicarbonate extractable forms) for a period of 10 yr, after which the dominant change to the distribution of P among different soil fractions is an increase in organic P in pas- The number of samples collected from each stream during each sampling period ranged from 1-13. In the field, duplicate stream water samples were filtered immediately through ashed and prerinsed Whatman GFF glass fiber filters (0.45-> nominal pore size; Whatman, Clifton, New Jersey, USA) into acid washed polyethylene bottles and placed on ice. One 50-mL sample was acidified to pH < 2 with 1.0 mL of 6 m/L HCl solution and stored refrigerated. This sample was used for analysis of NH4+, NO3-, PO43-, and total dissolved P. The unacidified sample was used to determine total dissolved N. Also in the field, 500 mL of stream water was passed through an ashed 47-mm GFC filter for chlorophyll a analysis. The filter was wrapped in foil, placed in a small Ziploc bag, put immediately on ice, and frozen the same day upon return to the field lab. One additional 1-L sample was collected and stored on ice for determination of total suspended solids (TSS) and filtration for particulate organic C (POC) and particulate organic N (PON) the same day in the field laboratory. Acidified samples for NH +, NO-, and PO43-were analyzed within one month; samples for total N and P were analyzed within 3-4 mo.
Ammonium ( 
Stream water suspended and dissolved material
Pasture streams had higher total suspended sediments concentrations than forest streams during the dry season, but not during the wet season (Table 3) . Concentrations of water column chlorophyll a did not differ between land uses or season. Particulate organic C (POC) and particulate organic P (PON) concentrations were higher in pasture streams during the dry season, but not different between forest and pasture streams during the wet season.
Stream water NH4+ did not differ between forest and pasture streams during either the wet or the dry seasons (Table 3) . In contrast, NO3-concentrations were greater in forest streams than in pasture streams in watershed pair 1 during the dry season, but not during the wet 
Notes: For each entry, the mean value + 1 SE appears on the first line, with sample size on the second l1ne 1n parentheses. Main entr1es 1n the same row followed by the same superscrlpt letter are not s1gnificantly different (P > 0.05).
t The number in brackets 1S the value measured during the perlod when bioassays were deployed. son, but there was no clear pattern of differences between forest and pasture streams (Table 3) (Fig. 2) .
DEFORESTATION AND AMAZONIAN STREAMS
N vs. P limitation of stream periphyton
Nitrogen and N + P increased algal growth in nutrient diffusing bioassays in pasture streams (Fig. 3) . Algal growth did not respond to added N or P in the forest streams. Mean daily light levels were greater ln the open pasture streams (44-81 lm/m2 in forest vs. 1667-3406 lm/m2 in pasture). The mean DIN:DIP ratios in forest and pasture streams during the deployment of the bioassays were similar to the ratios measured during the entire stream water sampling period (Table  3) 
Consequences of deforestation for small streams
Lower stream water NO3-concentrations, increased PON concentrations, and a switch in the factors that limit stream periphyton production from light in the forest to N in pastures are the changes most likely to follow deforestation for pasture in small watersheds in Rondonia. Patterns of N cycling and N availability in soils, most notably higher NO3-in forests, are consistent with higher forest stream water N concentrations. These effects may be potentially important for two reasons. First, land use changes in small watersheds influence nutrient concentrations, which could potentially alter food web structure through nutrient control of periphyton production. Conditions in small pasture streams (high light coupled with low NO3-) are different from those found in forest streams that are large enough to allow light to reach the water surface because of the altered N cycling in pasture watersheds. There is evidence in other rivers that ratios of N:P can have important consequences for the productivity of receiving waters (Fisher et al. 1992, Justic et al. 1995) . Second, in medium-sized rivers of the Amazon, many important fish species rely on algal-based food webs, especially during their juvenile phase (Forsberg et al. 1993 ). Whether our findings can be translated to larger rivers and the consequence of any changes will depend on the degree of connection between larger rivers and land uses in their watersheds and on the extent to which in-stream processing influences nutrient transport. These effects are now relatively unknown. Currently, 13% of the forest of the Amazon Basin has been cleared (Instituto Nacional de Pesquisas Espaciais 1999), and the chemistry of the main-stem Amazon River remains relatively unaltered by land use compared with many of the world's other large rivers (Cole et al. 1993 ). But this is likely to change as the area occupied by pasture also grows. The changing nutrient inputs to rivers caused by land use change deserves increased attention for their effects on both aquatic biogeochemistry and a4uatic ecosystem functioning.
